United States Patent 

Braden 



Patent Number: 4,692,284 
[45] Date of Patent: Sep. 8, 1987 



[54] METHOD AND APPARATUS FOR 
FORMING DROPLETS AND 
MICROCAPSULES 

[75] Inventor: William I. Braden, Norfolk, Mass. 

[73] Assignee: Damon Biotech, Inc., Needham 
Heights, Mass. 

[21] Appl. No.: 857,854 

[22] Filed: Apr. 30, 1986 

[51] Int. a. 4 A61K 9/62; B01J 13/02; 

B28B 1/54 

[52] U.S. CI 264/4.3; 264/4; 

424/93; 424/455; 424/461; 425/5; 425/804 

[58] Field of Search 264/4, 4.3; 425/5, 804; 

424/455, 461 

[56] References Cited 

U.S. PATENT DOCUMENTS 



2,929,106 3/1960 Snow 264/14 

3,015,128 1/1962 Somerville, Jr 425/5 

3,274,642 9/1966 Cramer 18/2.7 

3,463,842 8/1969 Flack et al 264/0.5 

3,464,926 9/1969 Vandegaer et al 425/5 X 

3,817,502 6/1974 Taylor 266/34 R 



4,352,883 10/1982 Lim 264/4 X 

4,386,895 6/1983 Sodickson 425/5 

Primary Examiner — Richard D. Lovering 
Attorney, Agent, or Firm — Lahive & Cockfield 

[57] ABSTRACT 

A method and apparatus for forming microcapsules 
from a fluid medium containing living culture material 
by the atomization of the medium and the treatment of 
the atomized droplets with a treatment fluid. A medium 
under pressure enters a chamber having a wall with a 
plurality of orifices formed therein. A vibrator vibrates 
the chamber. As the medium passes through the orifices 
the exit stream vibrates and forms small droplets. The 
droplets fall into a collection vessel on the other side of 
the wall, which contains treatment fluid for hardening 
the droplets into microcapsules. A flow of treatment 
fluid may be maintained through the collection vessel to 
prevent clumping of the droplets and to transport the 
hardened microcapsules for harvesting. Preferred oper- 
ating pressures, orifice size and chamber configuration 
are shown. 

16 Claims, 3 Drawing Figures 
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FIG. 2 
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METHOD AND APPARATUS FOR FORMING 
DROPLETS AND MICROCAPSULES 

TECHNICAL FIELD 
The present invention relates to the production of 
small droplets from a fluid medium, and more particu- 
larly to the production of such droplets from a culture 
medium, and the treatment thereof with a second fluid 
so as to form microcapsules. 

The encapsulation of biological material has become 
a valuable tool in the fields of microbiology, genetic 
engineering, immunization, and the medical treatment 
of tissue. Such encapsulation involves the formation of 
droplets containing substances such as micro-organisms 
or live cell culture material, and the treatment of the 
droplets to form capsules thereof without injury of the 
encapsulated material. An example of this general tech- 
nique is shown in U.S. Pat. No. 4,352,883, the disclosure 
of which is incorporated herein by reference. 

One apparatus for the formation of such encapsulated 
material in a production line process is shown in U.S. 
Pat. No. 4,386,895, of Lester A. Sodickson. In that 
apparatus, a reservoir of biological medium is centrally 
located and surrounded by a reservoir of a gelling or 25 
hardening agent. The central reservoir rotates, forcing 
the medium through bundles of hollow outflow needles, 
similar to hypodermic needles, spaced about its periph- 
ery. As the medium flows out through the needles, it is 
atomized and received in the outer reservoir, where the 30 
atomized droplets of medium gel and harden into mi- 
crocapsules. The inner diameter of the needles is 
chosen, in relation to the viscosity and other properties 
of the medium, so as to form droplets which are small 
enough to not disintegrate upon ejection into the treat- 35 
ing agent of the outer reservoir. It is also possible to 
eject the atomized medium into a gas transport flow, or 
to have an impinging circumferential gas jet to facilitate 
the atomization process. One production line system 
currently employed produces droplets having a diame- 40 
ter of 600 microns with a size distribution of 200-300 
microns above and below that size. 

OBJECTS AND SUMMARY OF INVENTION 
It is an object of the present invention to provide an 45 
apparatus and method for the production of microcap- 
sules at a high production rate. 

It is another object of the invention to provide an 
apparatus and method for the production of microcap- 
sules having a substantially uniform and small size. 50 

It is another object of the invention to provide an 
apparatus and method for the production of microcap- 
sules in which atomized droplets are produced while 
avoiding clumping of the droplets. 

It is another object of the invention to provide an 55 
apparatus and method for the production of microcap- 
sules in which atomized droplets are delivered to a 
treatment fluid and in which the droplets are formed of 
a size sufficiently small to avoid disintegration thereof 
on contact with the treatment fluid. 

It is another object of the invention to provide an 
apparatus and method for the production of microcap- 
sules which substantially avoids injury to biological 
growth material encapsulated therein. 

These and other objects of the invention are realized 
in a method and apparatus for forming microcapsules 
from a fluid medium by the atomization of the medium 
and the treatment of the atomized droplets with a treat- 
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ment fluid. The medium under pressure enters a cham- 
ber having a wall with a plurality of orifices formed 
therein. A vibrator vibrates the chamber, and the me- 
dium passes through the orifices, forming small drop- 
lets. The droplets fall into a collection vessel containing 
treatment fluid on the other side of the wall. Preferably, 
the pressure in the first chamber is selected to optimize 
the rate of droplet formation. A flow of treatment fluid 
may be maintained through the collection vessel to 
prevent clumping of the droplets and to transport the 
hardened microcapsules to a separation station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention will be 
understood by reference to the figures, in which: 

FIG. 1 shows a perspective exploded view of a pres- 
ently preferred embodiment of apparatus according to 
the invention; 

FIG. 2 shows a section of the assembled apparatus of 
FIG. 1; and 

FIG. 3 shows a top view of the orifice member of the 
embodiment of FIGS. 1 and 2. 

DETAILED DESCRIPTION 
FIG. 1 shows an exploded perspective view of an 
apparatus 1 for the production of droplets from a bio- 
logical medium according to a presently preferred em- 
bodiment of the invention. A supply chamber 2 receives 
a flow of the medium and forms droplets which fall into 
a collection vessel 3. Supply chamber 2 includes a cap 
member 4 having an inlet port 6, for providing a flow of 
the medium, and an outlet port 8. Outlet port 8 serves as 
a bleeder for trapped air, and is useful in cleaning the 
apparatus. A vibrator 10 (shown in FIG. 2) attaches to 
the cap via a coupling 12. Sealed across a lower portion 
of the cap and forming a wall thereof so as to define the 
supply chamber is an orifice member 14 having a plural- 
ity of holes 16 formed therein. 

In the preferred embodiment, the holes 16 have a 
uniform diameter of approximately 300 microns, and 
are formed on a grid pattern with a spacing of approxi- 
mately 5 millimeters. Preferably, the orifice member is 
sheet titanium, approximately 0.25 millimeters thick, or 
is made of other hard durable material. Thus, a circular 
orifice member having a diameter of 10 centimeters, 
may have several hundred or more holes 16. Preferably 
the holes are chemically etched. Alternatively, they 
may be formed by vaporization of the material therein 
with a laser drilling apparatus. A collar 18 having an 
annular groove 20 therein for receiving an O-ring 22a is 
fitted to the cap 4 for securing the orifice member in 
position. A second O-ring 22b, fitted in a similar groove 
26 in the cap, provides a seal on the opposite side of the 
orifice member. 

In this manner, member 14 is removably mounted in 
the cap, and can be conveniently interchanged with 
orifice members having different size holes for forming 
droplets of a different diameter, or for use with a me- 
dium of different viscosity. In the example discussed 
below, a hole size of approximately one-half of the 
desired droplet diameter has been found to yield excel- 
lent results. 

The entire supply chamber structure consisting of the 
collar 18, orifice member 14, and cap 4 mount as a unit 
on a vessel platform 24 via annular flange 27 secured by 
cap screws 28 (shown in FIG. 2). Supply chamber as- 
sembly 2 is sealed against the platform 24 with O-nngs 
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30 32 nested in grooves formed in the corresponding elements result in a high flow rate of treatment fluid 
XrvSr^PL vfrious housing pieces 4,18,24 are pref- through the vessel while decreasing d ™ a ^ 
erably formed of a surgical grade stainless steel such as to the capsules during solution removal. Th supra- 
a 316L material, and are finished, for example with a atmospheric pressure prevents the entry of external 
240 grit abrasive followed by an electropolishing finish 5 contaminants into the system- , A ^ f ^i n 
operation. The gaskets 22*226,30,32 are preferably FIG. 3 is a top view of the orifice member 14 of FIG 
formed of an inert, non-bleeding material of the type 1. As shown, orifice member 14 comprises a thin planar 
used for pressure seals, for example the fluoroelastomer portion havmg a plurality of holes or orifices 16 evenly 
material sold commercially under the trade name Viton spa ced throughout a central region thereof. The spac- 
and widely used in the biological industry, or a silicone 10 i ng between holes 16 is selected to be small enough to 
elastomer. Below the platform 24 is a collection vessel 3 provide a large number of holes to optimize tnrougn- 
to which the vessel platform 24 is connected via a tri- flow c f material, yet dispersed enough to prevent 
clamp which fits about a bevelled flange area 36 thereof. clumping of the atomized droplets which have passed 
A gasket 38 seals the connection. therethrough. The diameter of the holes 16 is selected to 
As shown in FIG. 1, the supply chamber 2 with its 15 prov ide droplets of the desired size, and will vary some- 
attached vibration unit is adapted for fitting over a what depending upon the viscosity of the medium 40, 
vessel, with a fitting of a type conventionally used in a the dr j ve frequency of vibrator 10, and the operating 
biological culture system. The vessel 3 serves as an pressure difference of the apparatus across the orifice 
encapsulating vessel for receiving the formed droplets member 14. The operating pressure must be low enough 
and treating them with a hardening treatment fluid. The 20 tQ avoid damage to the viable material of the medium 
vibration generator 10 may be a piezoelectric driving 

unit. One suitable unit is sold by the Wilcoxon Com- Gne prot otype apparatus having a structure as shown 
pany as their model number F7/F4/Z7. Other piezo Jn FJG j was operat ed with a 1.6% aqueous sodium 
units are readily available commercially, and other alginate solution having a viscosity of 80 centipoise. 
types of drive units, such as an electromagnetic driver 25 The apparatus had a supply chamber and orifice mem- 
or a motor driven eccentric cam vibrator may also be ber diameter of approximately 9 cm., and was attached 
used. to a 10 cm port of a collection vessel. Cell medium was 
Turning now to FIG. 2, there is shown a perspective supp n e d to the inlet at a pressure of up to approximately 
cross section of the apparatus of FIG. 1. Identical parts 2J atmosp h eres by pressurizing a supply tank with 
are identically numbered therein. As shown in FIG. 2, a 30 nit en to force tne fl u jd through a high pressure de- 
pressurized flow of the medium 40 which is to be encap- ^ ^ tQ in]et 6 

sulated is provided through the inlet port 6 into the Tj nder these conditions, the apparatus converted the 

relatively shallow interior space 9 of the supply cham- ^ medium to drop i e ts at a rate of between 5 and 10 

ber (2 of FIG. 1). In the preferred embodiment, space 9 m jniHtres/minute per orifice. The vibrational drive was 
has a depth between its roof and the orifice member of 35 Hed by a piez0 electric vibrator operated at a 1000 

approximately 6 millimeters. There is thus a negligible ^ frequency with a sine wave input having a drive 
hydrostatic pressure gradient, and the cap member is wer of approximately 100 watts. The orifice size was 

strongly coupled through the chamber to the orifice micronS The drop i e ts so produced had a diameter 

member 14, which is a thin diaphragm-like member. 60() micronS} with over 90 % of the droplets lying 

Medium 40 is driven through the orifice member 14 in 40 between 550 and 650 microns. These characteristics 

part by pressure and in part by the mechanical transport constitute a significant improvement, both as to droplet 
action of the sonic vibration applied to the chamber by uniformity and rate of droplet production. For example, 
vibrator 10, forming thin columns 43. The columns 43 m£mber in a ten cen timeter diameter supply 

break up into droplets 45 having a substantially uniform chamber with joo-200 orifices converts between one- 
diameter. h lf and two liters/minute of medium into microcap- 

When the medium passes through the member 14, ™J» 
standing wave in the columns of medium atomize the ore f e rred apparatus for the invention having been 

material into droplets 45. The atomized droplets 45 disclosed, other variations of apparatus, and of 

descend through the neck 44 defined by vessel platform J^^oT^Sang according to the invention will 
24 and the vessel coupling, into the collection ^vessel 3 50 memods orp g ^ ^ ^ variationg 

where they contact a body of treatment fluid 50 such as ^^^dto b e within the scope of the invention, as 
the calcium chloride or other «^<-** ^« ^^£SSmg claims, 
solution, as described m the aforesaid U.S. Pat. No. ae is claimed is: 

4,386,895. The neck region ^ between the member 14 Apparatus for forming microcapsules of a desired 

and the surface of a body of treatment fluid 50 in the 5 5 PP dium contaimng i iving culture mate- 

collection vessel is maintained at a slight sup^aUnos- ■« Jom. ^ mediumj such apparatus 

pheric pressure by a vent, and has a vertical dimension nai oy me aium 

in the range of 3-5 cm, which is just sufficient to allow b&T f flowing the medium therethrough 

atomizing breakup of the extruded column-like jets 43 a flow chamber ^tor nowing 

of medium 40. Collection vessel 3 may 'comprise a por- 60 J™ a ~5 having an inie t port and 

tion of a circulation loop, wherein the fluid 50 ,s earned <»> a J^eSbeSng first and second opposing 

along a flow path indicated by arrow 52 to.flWJ ^^J^f^b^^m^JL^ 

ratio relative to conventional reactors. Multiple filter dnve the medium through the orifices. 



4,692,284 



10 



15 



vibration means for vibrating the chamber to atomize 
the medium flowing through the orifices; and 

means for coupling the apparatus to a collection ves- 
sel on the second side of the wall so as to deliver to 
the collection vessel said atomizing flow. 

2. Apparatus according to claim 1, wherein the ori- 
fices have a diameter in the range of approximately 
100-500 microns. 

3. Apparatus according to claim 2, wherein the pres- 
sure means includes means for providing pressure in the 
range of approximately 1 to 4 atmospheres. 

4. Apparatus according to claim 3, wherein the wall 
member is a perforated diaphragm. 

5. Apparatus according to claim 4, further including a 
collection vessel and means for flowing treatment fluid 
through the collection vessel. 

6. Apparatus according to claim 1, wherein the wall 
member is a perforated diaphragm. 

7. Apparatus according to claim 6, wherein the cap 
and wall define a roof and a floor, respectively, of the 20 
chamber and wherein the distance between the roof and 
the floor is less than approximately one-quarter of the 
diameter of the diaphragm. 

8. A method for forming microcapsules of a fluid 
medium containing living culture material by the atom- 
ization of the medium and the treatment of atomized 
droplets thereof with a treatment fluid, such method 
comprising the steps of: 

flowing the medium through an inlet port into a flow 
chamber having a flow cap and a wall member 
having first and second opposing sides, said wall 
member being attached to the cap such that the cap 
and said first side define said chamber, said wall 
also having a plurality of orifices formed there- 
through; 

providing pressure in said chamber to drive the me- 
dium through the orifices, 

vibrating the chamber to atomize the medium driven 
through the orifices, and 



25 



30 



35 



receiving said atomized flow in a vessel of the treat- 
ment fluid on the second side of the wall. 

9. The method of claim 8, wherein the orifices have a 
diameter in the range of approximately 100-500 mi- 
crons. 

10. The method of claim 9, wherein the wall member 
is a perforated diaphragm. 

11. The method of claim 10, further including the step 
of flowing treatment fluid through the collection vessel. 

12. The method of claim 11, wherein the step of pro- 
viding pressure includes providing pressure in the range 
of approximately 1 to 4 atmospheres. 

13. Apparatus for the production of sub-millimeter 
droplets from a fluid medium containing living culture 
material, such apparatus comprising: 

a shallow cap having a roof portion, 
a vibrator affixed to the cap, 

an orifice member affixed to the cap opposite the roof 
portion so as to define, together with the cap, a 
closed chamber, said orifice member including one 
or more orifices therethrough of a diameter func- 
tionally related to a desired droplet diameter, 

spacing means for providing a free-fall space below 
said orifice member, and 

pressure means for pressurizing the chamber so as to 
drive the medium therein as a fluid stream through 
the orifices whereby the droplets are produced by 
vibration of the fluid stream in the free fall space. 

14. Apparatus according to claim 13 wherein the 
orifice member is removably and replaceably affixed to 
the cap. 

15. Apparatus according to claim 14, further includ- 
ing a treatment vessel, coupled to the spacing means, for 
receiving said droplets and treating them with a treat- 
ment fluid. 

16. Apparatus according to claim 15, wherein the 
diameter of the orifices is approximately one-half of the 
desired droplet diameter. 
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[57] ABSTRACT 

Proposed is a process for the production of spherical alginate 
pellets from drops of alginate solution delivered by a nozzle, 
the drops being solidified by dropping them into an ionic 
solution and subsequently removing the pellets and rinsing 
them. The alginate solution is converted into drops by 
vibrational stimuli, and the drops subsequently allowed to 
remain substantially free in the ionic solution until the 
required degree of solidification has been reached. 

12 Claims, 3 Drawing Sheets 
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PROCESS AND PLANT FOR THE 
PRODUCTION OF SPHERICAL ALGINATE 
PELLETS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The invention refers to a method for producing spherical 
alginate pellets from droplets of an alginate solution deliv- 
ered from a nozzle, by consolidating the droplets by drop- 
ping them into an ion solution, preferably a calcium ion 
solution, and subsequently washing the alginate pellets 
removed from the ion solution. The invention further refers 
to an apparatus for producing spherical alginate pellets from 
droplets of an alginate solution, comprising a reservoir 
vessel for the alginate solution; at least one nozzle to which 
alginate solution can be fed as applicable via a. feed line; a 
collection device, containing an ion solution, for the droplets 
falling from the nozzle; and at least one device for removing 
the alginate pellets from the collection device. 

Alginate pellets are required, for example, as thickening 
agents in emulsions, in the cosmetics and food industries, for 
adhesives and finishes, or as base substances for elastic 
molding compounds in dentistry, for example. In use, how- 
ever, the alginate pellets are either completely hardened or 
only surface-hardened. 

Surface-hardened alginate pellets are required, for 
example, in the cosmetics industry, while completely hard- 
ened alginate pellets are required, for example, as supports 
for enzymes. In order for alginate pellets to be usable to the 
desired extent, they must be sufficiently pourable and have 
a narrow particle size spectrum. In particular, a uniform 
geometry (i.e. a spherical shape) should also be present 

2. Description of the Prior Art FR-A 2 645 439 has 
disclosed a method for producing spherical alginate pellets 
intended for the cosmetics industry, according to which an 
alginate solution is fed to a nozzle from which the alginate 
solution is delivered in droplet form, subsequently falling 
into a calcium ion solution. Located in the calcium ion 
solution is an endless-loop conveyor belt by which the 
droplets are collected and then transported out of the cal- 
cium ion solution. 

Since there is no assurance that the droplets are surface- 
hardened to a sufficient extent as they fall through the 
calcium ion solution, the alginate pellets removed from the 
calcium ion solution by the conveyor belt are often flattened. 
Since the droplets form simply by dripping alginate solution 
out of the nozzle, a desirable narrow particle size spectrum 
also cannot be achieved. 

SUMMARY OF THE INVENTION 
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The underlying problem of the present invention is to 
develop a method and an apparatus of the aforesaid type for 55 
producing spherical alginate pellets in such a way that, 
among other effects, alginate pellets with a spherical geom- 
etry and a narrow particle size spectrum are obtained, and 
that hardening of the alginate pellets themselves can be 
adjusted in a controlled manner. 60 

According to the invention, the problem is solved in terms 
of the method by the fact that the alginate solution is formed 
into drops by vibratory excitation, and that until they achieve 
the desired consolidation, the droplets are initially, until 
surface hardening occurs, substantially free to move in the 65 
ion solution. In this connection an "ion solution" is under- 
stood to mean an ionic solution whose metal ions combine 



with alginate to form a poorly soluble compound. Preferably 
the ion solution can be a calcium ion solution. 

In contrast to the prior art, the alginate solution is not 
dripped, but rather formed into drops by the nozzle, which 
itself can be excited to vibrate. This is not, however, a 
mandatory feature. Instead vibratory excitation can also 
occur by exciting the alginate solution in a reservoir con- 
tainer or by acoustic irradiation of the alginate solution 
itself. 

Regardless of the kind of vibratory excitation, however, it 
is essential that a constant frequency act on the alginate 
solution, with rotationally symmetrical constrictions being 
generated and reinforced in a stream of liquid leaving the 
nozzle, so that uniform disintegration into droplets, called 
"dropletization," occurs. This ensures that the droplets have 
identical or almost identical sizes, so that as a result, the 
alginate pellets produced have a narrow particle size spec- 
trum. 

While dropletization ensures the narrow particle size 
spectrum, the feature by which the droplets remain free to 
move for so long within a precipitation solution (i.e. the ion 
solution)— in other words can move freely without striking 
masses that are large by comparison with the alginate 

mass guarantees that the droplets are not deformed while 

hardening, and that consequently the flnal geometry of the 
alginate pellets exhibits a spherical geometry. In this con- 
nection the residence time in the alginate solution can be 
adjusted in a controlled manner so that consolidation can be 
performed reproducibly. 

According to a development of the invention, the droplets 
can fall under their own weight through an ion solution 
column until the desired consolidation occurs. It is also 
possible, however, to define the residence time of the 
droplets in the ion solution by means of the flow velocity of 
the solution in which the droplets are moving. 

A further proposal of the invention worth emphasizing 
provides for the droplets, before contacting the precipitation 
solution, to be intercepted on a foam present thereon, which 
can have a thickness of, for example, 5-50 mm. The droplets 
are decelerated while falling through the foam, so that when 
they subsequently contact the surface of the precipitation 
solution, flattening of the alginate droplets is largely ruled 
out. 

To reduce the surface tension of the precipitation solution 
even further, a surfactant or an organic solvent, preferably an 
alcohol such as ethanol, propanol, etc., can be added thereto. 

An apparatus for producing alginate droplets is charac- 
terized by the fact that the apparatus for dropletizing the 
alginate solution delivered by the nozzle has a vibration 
exciter, and that the collection device has a liquid column of 
the ion solution of a length such that the droplets can be 
consolidated to the desired extent while flowing through the 
liquid column. A liquid column in this case is not necessarily 
to be understood as, for example, a tubular reactor (plug flow 
reactor) in the shape of a tube or hose containing the 
precipitation solution, with which the exact residence time 
of the alginate droplets or pellets in the precipitation solution 
can be adjusted and varied to the desired degree. The term 
"liquid column" very generally denotes a quantity of liquid 
which offers the alginate droplets dropping into the precipi- 
tation solution the opportunity not to come into contact with 
masses that are large by comparison with the alginate 
droplets before the desired hardening, especially surface 
hardening, has occurred. Thus a batch reactor with or 
without a stirrer (for complete hardening of the alginate 
pellets) can also be utilized. 
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A mechanical vibrator, magnetic-induction vibrator, 
pneumatic vibrator, piezoelectric converter, or electroacous- 
tic converter can be used as the vibration exciter; the 
vibration exciter can act on the nozzle and/or on the feed line 
and/or on the reservoir container. It is also possible to 
acoustically irradiate the alginate solution directly, for 
example with an electroacoustic converter, or to excite it 
directly with a vibrating displacer or plunger, in order to 
dropletize the stream of alginate solution emerging from the 
nozzle into uniform droplets. 

Preferably the ion solution, which is preferably a CaCl 2 
solution, has a surfactant or organic solvent added to it m 
order to reduce the surface tension of the precipitation 
solution. 

To greatly reduce the "impact" of the alginate droplets on 
the surface of the precipitation solution, a foam layer, which 
itself is a foamed solution of surfactant or organic solvent, 
can be formed on the ion solution. The height of this foam 
layer is preferably between 5 and 50' mm. 

The frequency acting on the apparatus or the alginate 
solution must be kept constant during the production pro- 
cess, with excitation frequencies of between 50 and 20,000 
Hz preferably being used. The viscosity of the alginate 
solution should be less than 200 mPaxs. Lastly, the diameter 
of the nozzle should fall in the range between 50 and 3000 
um. 

With these parameters, spherical alginate pellets of uni- 
form geometrical configuration with a narrow particle size 
spectrum can be generated; depending on frequency and 30 
nozzle diameter, alginate pellet diameters of between 100 
and 4000 um can be achieved. 

Further details, advantages, and features of the invention 
are evident not only from the Claims [and] the features 
evident from them— individually and/or in combination— 35 
but also from the description below of preferred exemplary 
embodiments presented in the drawings, in which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows a schematic depiction of an apparatus for 
producing spherical alginate pellets; 

FIG. 2 shows a first exemplary embodiment of an appa- 
ratus for producing droplets of an alginate solution; and 

FIG. 3 shows a second embodiment of an apparatus for 
producing droplets from an alginate solution. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1, reference number (1) designates a system for 
feeding and metering an alginate solution that is delivered 
via a nozzle (3) into a collection device (4) which contains 
an ion solution, preferably in the form of 2% CaCl 2 in 
deionized water. 

In order for the alginate solution delivered by the nozzle 
(3) to dropletize, i.e. in order to obtain alginate solution 
droplets of reproducible size, a vibration exciter system that 
is indicated purely schematically and. given the reference 
number (2) is provided. This exciter system can act directly 
on the nozzle (3) and cause it to vibrate horizontally or 
vertically. It is also possible to impress vibrations on the feed 
line (1). Alternatively, it is possible to excite the alginate 
solution present in a reservoir container. Lastly, the stream 
of alginate solution, leaving the nozzle (3) can also be 
acoustically irradiated. 
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Potential vibration exciters include magnetic-induction 
vibrators, mechanical vibrators, pneumatic vibrators, piezo- 
electric converters, and electroacoustic converters. 

In the schematic depiction according to FIG. 1, the 
alginate droplets fall from the collection device (4)— in 
which a foam layer of a surfactant solution, with a height of, 
for example, 5-50 mm, can be present on the ion solution- 
through a tubular reactor (5); inside the tubular reactor (5), 
the alginate droplets are to be free to move at least until 
surface consolidation has occurred. Under these conditions 
the alginate droplets have the desired spherical geometry, so 
that a collision with other alginate droplets or pellets, or with 
the walls of the tubular reactor (5), will cause no further 
deformation. 

After leaving the tubular reactor, the alginate pellets, 
consolidated to the desired degree, are delivered onto a 
traveling screen (6), from which the calcium chloride solu- 
tion remaining on the alginate pellets drips off. From the 
traveling screen (6) the alginate pellets pass onto a traveling 
screen (8), on which they are washed using wash water 
nozzles (7). From the traveling screen (8) the alginate pellets 
are collected as finished products in a collection device (9), 
and then passed on to their desired application. 

The ion solution flows through the tubular reactor (5) at 
a desired velocity. The residence time of the alginate drop- 
lets or pellets in the ion solution is determined by the 
velocity of the ion solution and the length of the tubular 
reactor, so that they can tie consolidated reproducibly to the 
desired degTee. The ion solution is conveyed by means of a 
pump (11) through a circuit which comprises a connection 
(13) from a collection container (12) present beneath the 
traveling screen (6) to the collection device (4). Also located 
in the connection or line (13) is a flow concentration 
controller (10) for the ion solution. 

FIG. 2 depicts a section of an apparatus for producing 
spherical alginate pellets, specifically that with which drop- 
lets are produced from the alginate solution. The alginate 
solution (14) is located in a reservoir vessel (15) from which 
the alginate solution (14) is fed via a feed line (16) to a 
nozzle (17), from which the alginate solution (14) falls under 
its own weight in the form of droplets (18). It is evident that 
directly below the nozzle (17) the droplets have an elongated 
shape; after they have fallen a certain distance this changes 
into a spherical shape due to the surface tension of the 
alginate solution. 

A vibration generator (19), which is connected directly or 
indirectly to the nozzle (17) via a rigid connection (20), 
generates a vibration which causes dropletization of the 
alginate solution leaving the nozzle (17), i.e. rotationally 
symmetrical constrictions are generated and reinforced in 
the stream of liquid leaving the nozzle (17), causing disin- 
tegration into uniform droplets. 

Although according to the exemplary embodiment of 
FIG. 2 the alginate solution (14) is fed to the nozzle (17) by 
gravity, according to the exemplary embodiment of FIG. 3 
a pressure delivery system is provided. Otherwise the con- 
figuration of FIG. 3 corresponds to that of FIG. 2, and 
identical elements are therefore also given identical refer- 
ence numbers. 

Additionally depicted is a collection device (21) in which, 
for example, a calcium chloride solution is present or 
through which it flows. Located above the liquid level of the 
calcium chloride solution is a foam layer (23) of a surfactant 
solution, which "decelerates" the droplets (18). The result- 
ing advantage is that when the droplets (18) strike the liquid 
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surface of the calcium chloride solution, undesired flattening 
is largely eliminated. 

The droplets (18) that fall or are conveyed through the 
solution are initially consolidated externally by reaction with 
the calcium chloride solution, so that alginate pellets (24) of 5 
a desired consolidation are present within the chloride 
solution (22); as mentioned, consolidation depends on the 
residence time of the alginate pellets in the calcium chloride 
solution (22). 

The reactor (21) containing the calcium chloride or pre- 
cipitation solution can — as in the exemplary embodiment of 
FIG. 1 — be a tubular reactor with which the exact residence 
time of the alginate pellets (24) in the precipitation solution 
can be adjusted by varying the reactor length and the flow 
velocity of the precipitation solution, thus generating algi- 
nate pellets (24) that [have] a desired consolidation, i.e. can 
hf* hardened onl y at the_jsurface or completely hardened. 

^The reactor can also be a batch reactor which may 
possibly have a stirrer, especially if the alginate pellets (24) 2Q 
are to be completely hardened. 

With regard to the precipitation solution, it should also be 
noted that a surfactant or organic solvent can be added to it 
in order to reduce the surface tension. As described with 
reference to FIG. 3, a foam of surfactant or organic solvent 2 5 
can also be present on the precipitation solution (22). It is 
also possible to take the precipitation solution (22) from a 
receiving device with an overflow channel. 

The nozzle used to dropletize the alginate solution can be 
a full-flow nozzle made of various materials. It is also 30 
possible to use a nozzle plate, namely one with a plurality of 
nozzles. 

The alginate solution used in the method according to the 
invention should have a viscosity less than 200 mPaxs. The 
excitation frequency with which the solution emerging from 35 
the nozzle is dropletized should be between 50 and 20,000 
Hz. The nozzle diameter itself can lie in the range between 
50 and 3000 um. When these parameters are observed, 
alginate pellet diameters in the range between 100 and 4000 
um, with an almost exactly spherical shape, can be obtained. 40 
The respective alginate pellets produced under identical 
parameters have a very narrow particle size spectrum. 

The examples below indicate further advantages and 
features of the invention, which — individually or in combi- ^ 
nation — are to be regarded as inventive. 

EXAMPLE 1 

A reservoir vessel (15) contains an alginate solution that 
is fed to the nozzle (17) with a diameter of 280 um, which 50 
in turn is caused to vibrate at a frequency of 2100 Hz. The 
dropletized alginate solution falls into a calcium ion solu- 
tion, specifically into 2% CaC12 in deionized water. The 
alginate droplets or pellets remain in the precipitation solu- 
tion for 30 minutes, resulting in complete hardening. The 55 
diameter of the resulting spherical pellets is 500 um, with a 
standard deviation of approximately 1%. No foam was 
present on the precipitation solution itself. 

EXAMPLE 2 6C 

To obtain surface-hardened alginate pellets, a tubular 
reactor containing a precipitation solution in the form of 
0.35% CaCl 2 plus 0.05% surfactant and deionized water is 
used. The nozzle with which the alginate solution is drop- 65 
letized has a diameter of 900 um. The vibration frequency is 
155 Hz, The alginate pellets remain in the precipitation 
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solution for 1 minute. As a result, alginate pellets with a 
hardened surface and a diameter of 1700 um are obtained. In 
this case as well, the standard deviation is 1%. 

EXAMPLE 3 

Once again a tubular reactor is used, containing a pre- 
cipitation solution with the following composition: 0.26% 
CaCl 2 plus 0.05% surfactant in deionized water. The nozzle 
used has a diameter of 1925 um. The frequency is 50 Hz. A 
surfactant foam approximately 20 mm high is present on top 
of the precipitation solution. The alginate pellets remain in 
the precipitation solution for 1.5 minutes. As a result, 
surface-hardened alginate pellets with diameters of 34O0 um 
are obtained. Standard deviation is 1%. 

EXAMPLE 4 

A processing sequence corresponding to that of Example 
3 is performed, but instead of 0.05% surfactant, 8% isopro- 
pyl alcohol is added to the CaCl 2 solution. The alginate 
pellets produced in this manner also have the desired prop- 
erties in terms of surface hardening and diameter (3400 um 
with a standard deviation of 1%). 

We claim: 

1. Method for producing spherical alginate pellets from 
droplets of an alginate solution delivered from a nozzle, by 
consolidating the droplets by dropping them into an ion 
solution and subsequently washing the alginate pellets 
removed from the ion solution, wherein 

the alginate solution is dropletized by vibratory excita- 
tion; 

the droplets are substantially free to move in the ion 
solution until they achieve the desired consolidation; 
and 

before contacting the ion solution, the droplets are decel- 
erated by a foam present thereon, and/or the droplets 
fall into the ion solution whose surface tension has been 
reduced by a surfactant or an organic solvent. 

2. Method according to claim 1 wherein the alginate 
solution is dropletized by vibratory excitation and the drop- 
lets are substantially free to move in the ion solution until 
they achieve the desired consolidation, the residence time of 
the droplets in the ion solution being dependent substantially 
on the flow velocity of the ion solution and the length of ion 
solution through which the droplets flow. 

3. Method according to claim 1 wherein the droplets are 
substantially free to move in the ion solution at least until 
they achieve surface hardening. 

4. Method according to claim 2 wherein the droplets are 
substantially free to move in the ion solution at least until 
they achieve surface hardening. 

5. Method according to claim 1 wherein the droplets fall 
under their own weight through an ion solution column until 
the desired consolidation occurs. 

6. Method according to one of claims 1-5 wherein the 
nozzle and/or the alginate solution and/or a reservoir con- 
tainer receiving the alginate solution and/or a feed line 
feeding the alginate solution to the nozzle is caused to 
vibrate. 

7. Apparatus for producing spherical alginate pellets from 
droplets of an alginate solution (14), comprising a reservoir 
container (15) for the alginate solution; at least one nozzle 
(3, 17) to which alginate solution can be fed as applicable via 
a feed line (16, 20); a collection device (4, 21), containing 
an ion solution for the droplets falling from the nozzle; and 
at least one device for removing the alginate pellets from the 
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collection device (6, 7, 8, 9), wherein the apparatus for 
dropletizing the alginate solution (14) delivered by the 
nozzle (3, 17) has a vibration exciter (2, 19); and the 
collection device (4, 5, 21) is a tubular reactor through which 
the ion solution (22) can flow in an adjustable manner, with 
a liquid column such that the droplets (18) can be consoli- 
dated at least on their surfaces wile flowing through the 
liquid column. 

8. Apparatus according to claim 7, wherein the vibration 
exciter is a mechanical or magnetic-induction vibrator, a 
pneumatic vibrator, a piezoelectric converter or electroa- 
coustic converter, or a vibrating displacer/plunger. ^ 

9. Apparatus according to claim 7, wherein the vibration 
exciter (2, 19) acts on the nozzle (3, 17) and/or on the feed 
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line (1, 16) and/or on the reservoir container (15) or on the 
interior of the nozzle. 

10. Apparatus according to claim 8, wherein the vibration 
exciter (2, 19) acts on the nozzle (3, 17) and/or on the feed 

5 line (1, 16) and/or on the reservoir container (15) or on the 
interior of the nozzle. 

11. Apparatus according to claim 7, further comprising a 
means by which the alginate solution (14) can be acousti- 
cally irradiated. 

10 12. Apparatus according to one of claims 7-11 wherein 
the ion solution contains Ca 2 ^ ions or one or more other ion 
species that form a poorly soluble compound with alginate. 

***** 



